SUMMARY: We present and discuss a new catalogue of 48 compact H ii regions in the Small Magellanic Cloud (SMC) and a newly created deep 1420 MHz (λ=20 cm) radio-continuum image of the N 19 region located in the southwestern part of the SMC. The new images were created by merging 1420 MHz radiocontinuum archival data from the Australian Telescope Compact Array. The majority of these detected radio compact H ii regions have rather flat spectral indices which indicates, as expected, that the dominant emission mechanism is of thermal nature.
INTRODUCTION
The Small Magellanic Cloud (SMC), with its well established distance (∼60 kpc; Hilditch et al. 2005) and ideal position in the sky -towards the coldest areas near the South Celestial Pole, allows observation of radio sources to be conducted without significant interference from Galactic foreground radiation. The SMC is an ideal location to study celestial objects like compact H ii regions (CH ii, Mezger et al. 1967) , which may be difficult to study in our own and other distant galaxies.
The SMC has been surveyed at multiple radio frequencies using archival data (Crawford et al 2011 and Wong et al. 2011a , hereafter paper I). Deep observations of SMC young stellar objects, compact H ii regions, Supernova Remnants (SNRs) and Planetary Nebulae (PNe) were presented in Oliveira et al. (2012) , Indebetouw et al. (2004) , Filipović et al. (2005) , and Filipović et al. (2009) , respectively. A catalogue of radiocontinuum point sources ) towards the SMC was derived from images taken from Crawford et al. (2011) . This is the third paper in this series; Paper I presented newly developed high sensitivity and resolution images of the SMC. The second instalment (Wong et al. 2011b ; hereafter paper II) presented a point source catalogue created from the images in paper I. In this paper, we present newly constructed images of the N 19 region covering the southwestern part of the SMC, at ν=1.4 GHz (λ=20 cm). We also present a catalogue of compact H ii regions sources towards the SMC. The catalogue is derived from images at 4800 MHz (λ=6 cm) and 8600 MHz (λ=3 cm) from Crawford et al. (2011) , a 2370 MHz (λ = 13 cm) mosaic image from Filipović et al. (2002) , one of our SMC 20 cm mosaic radio-continuum images (Fig. 2 in Paper I), the N 19 images presented in this paper and an 843 MHz (λ=36 cm) MOST image (Turtle et al. 1998 ).
In §2 we describe the data used to create the N 19 images and identify the compact H ii region. In §3 we describe our source fitting and detection methods. In §4 we present our new maps with a brief discussion, §5 contains our conclusions, and the appendix contains the catalogue of compact H ii regions.
DATA

SMC Mosaic Radio-continuum Images
The 3 and 6 cm images ( Fig. 3 and Fig. 1 in Crawford et al. 2011) were created by combining data from various ATCA projects that covered the SMC (Table 1 in Crawford et al. 2011) . The 3 and 6 cm maps have resolutions of ∼20 and ∼30 and r.m.s. noise of 0.8 and 0.7 mJy/beam respectively. The 13 cm radio-continuum catalogue was produced from a SMC mosaic radio survey of 20 square degrees (Filipović et al. 2002) . These observations have a beam size of ∼40 and r.m.s. noise of 0.4 mJy/beam. The 20 cm mosaic image ( Fig. 2 in Paper I) was created by combining data from ATCA project C1288 (Mao et al. 2008) with data obtained for a Parkes radio-continuum study of the SMC (Filipović et al. 1997) . This image has a beam size of 17.8 × 12.2 with r.m.s. noise of 0.7 mJy/beam.
The 36 cm image comes from the MOST radio survey of 36 square degrees containing the SMC field (Turtle et al. 1998 ). These observations have a beam size of ∼45 and r.m.s. noise of 0.7 mJy/beam -equal to that of the 20 cm image. Table 1 gives the field size and central position of all images used to derive the compact H ii region catalogue contained in this paper. Observations were conducted with ATCA (project C281) over two 12 hour sessions on 25th August 1993 and 10th February 1994. Two array configurations at 20 and 13 cm (ν=1377/2377 MHz) were used -1.5B and 6B. More details about these observations can be found in Ye et al. (1995) and Bojičić et al. (2010 Table 2 .
The software packages miriad (Sault and Killeen 2010) and karma (Gooch 2006) were used for the data reduction and analysis. Initial highresolution images were produced from the full dataset using the miriad multi-frequency synthesis (Sault and Wieringa 1994) with natural weighting. The deconvolution process used miriad tasks mossdi, an SDI variant of the clean algorithm designed for mosaics (Steer et al. 1984) .
Figs. 1-3 show maps from individual ATCA projects (Table 2) Fig. 1 is created from project C468, containing a combination of extended and point source emission, as a result of three different array configurations. Fig. 2 (project C882) only contains a longbaseline observation (array configuration 6B), so the map is dominated by point sources. Fig. 3 has extended and point source emission, derived from short and long-baseline array configurations 750A and 6B respectively. Table 3 lists the details of the individual maps. 
THE SMC COMPACT H ii REGIONS: SOURCE FITTING AND DETECTION
Compact H ii regions were identified by comparing our list of radio-continuum point sources (Paper II and Wong et al. 2012 ) to an Hα observation from the Magellanic Cloud Emission Line Survey (MCELS; Smith et al. 1999 ). Sources were examined visually to confirm that matched Hα sources were point or point-like in Hα and within ∼5 of the radio point source detection.
The list of candidate compact H ii regions was narrowed down by cross-checking with catalogues of known objects like supernova remnants ) and planetary nebulae (Filipović et al. 2009 , Bojičić et al. 2010 . Table A1 gives the names, positions (J2000, derived from the 1420 MHz image of the whole SMC) and the integrated flux values at various frequencies for the compact H ii regions. The integrated fluxes in columns 5-12 are: flux density values taken from the MOST image; 1420 MHz flux density measurements from SMC (high resolution 
RESULTS AND DISCUSSION
Figs. 1-3 show the individual intensity mosaic maps of the N 19 region derived from projects C468, C882 and C1607 respectively, while Figs. 4 and 5 are images created by combining different observations. All these images can be downloaded from: spacescience.uws.edu.au/mc/smc/N19/. A sample of 48 compact H ii regions was selected; table A1 lists the compact H ii regions, with integrated flux values at various frequencies. These flux values are derived from gaussians fitted to the images described in §2.
30 of the 48 catalogue sources were detected at more than one wavelength. Spectral indices α (S ν ∝ ν α ), with errors, were estimated for all of these sources, fitted to all available flux measurements. Integrated fluxes at 1 GHz were also derived from these fits. Integrating the fitted spectra from 10 MHz to 100 GHz yielded fluxes (in 10 −26 W m −2 ) which were then converted into radio luminosities using the known distance to the SMC. Table A2 lists for all compact H ii regions: The estimated flux density at 1 GHz; spectral index with errors; and the radio luminosity (i.e. the luminosity of the compact H ii region over the radio spectrum) in units of 10 26 W and in solar luminosities.
Figs. 6-8 contain spectral index distributions of the compact H ii regions in the N 19 region, in the SMC (without N 19), and the combination of the two. We expect compact H ii regions to have flat radio spectra (α ≈ −0.1), turning into α ≈ 2 below a cutoff frequency (which depends on the individual region); the spectral index distributions are indeed peaked around small values of α. While the spectral index distribution of SMC sources has a broad peak with several sources having quite large α, the distribution of N 19 sources is much more sharply peaked near α = 0. The maps of N 19 have better resolution and sensitivity than the maps of the rest of the SMC, so the N 19 sources might be expected to have more accurate fluxes and hence more accurate spectral indices. Overall, ∼60% of the sources have spectral index within the expected range of −0.3 < α < −0.3. Higher spectral indices may be explained by the cutoff frequency lying within the frequency range of our observations (see notes on individual sources below). There are also a few sources with significantly negative spectral indices, which is not consistent with thermal emission -these may be contaminating non-H ii region sources. The radio luminosity distribution (Fig. 9) peaks around ∼0.3 L : It falls off towards higher lumninosities as there are fewer sufficiently bright stars to power compact H ii regions at such high luminosities; it falls off towards lower luminosities due to the lack of completeness of our catalogue. Our catalogue is likely to be quite complete down to a limiting radio luminosity of ∼0.3 L .
Notes on individual sources
J005914-721103 (Source 33)
This compact H ii region candidate is the extreme positive outlier in Figs. 7 & 8, with a spectral index of +2.0 ± 0.4; it is only detected in the 13 cm and 20 cm N 77 images, so the spectral index is defined purely by these fluxes. It is possible that this is a compact H ii region with a very high-frequency spectral break, so that it has a spectral index of 2 even in the higher-frequency maps. However, in the 13 cm image, the source is located at the edge of the primary beam, so that the 13 cm flux is rather unreliable, and so this spectral index may not be accurate. It is also possible that this source could be a variable background galaxy that flared during the N 77 observations, and is otherwise undetected. The very high estimated luminosity is largely due to the extreme spectral index, and is unlikely to be accurate -if the source is indeed a compact H ii region with a very high cutoff frequency, the high luminosity is due to extrapolation of the low-frequency spectral index to the whole radio region.
J010132-715042 (Source 36)
This is the other source with a highly positive spectral index (+1.0 ± 0.4), and could only be detected in the 20 cm and 36 cm images. It is likely that this is a compact H ii region whose spectral break lies between 36 cm and 20 cm. Fitting a single power-law to these data then gives an average spectral index of about 1. This will also lead to a large overestimate in the luminosity.
J012408-730904 (Source 48)
This compact H ii region candidate has a very high radio luminosity of 23.5 L ; this estimate comes from a combination of a positive estimated spectral index (which implies rising flux through the GHz spectrum, and hence a large luminosity) and very high fluxes in all images. The source is detected at 36 cm, and the higher-frequency data yield a spectral index of ∼ −0.2 ± 0.1. This is quite consistent with the source being a compact H ii region with a cutoff frequency between 843 MHz and 1.4 GHz. Although the luminosity may be overestimated, this is clearly a very luminous radio source. If it is a compact H ii region, it is likely to be powered by a cluster of young high-mass stars, which can supply such a large luminosity. (Fig 6, Paper I ).
CONCLUSION
In this paper we present a new catalogue of 48 candidate compact H ii regions within the SMC. This catalogue is derived from previously-presented datasets, and from a new set of high-sensitivity and high-resolution radio-continuum images of the N 19 region at 1420 MHz (λ=20 cm), created from archival ATCA data. We have collected flux measurements at as many wavelengths as possible for all sources, and used these fluxes to fit a power-law radio spectrum, which in turn yields estimates of the flux at 1 GHz and the spectral index. The distribution of spectral indices is consistent with a population of sources dominated by compact H ii regions, i.e. peaked around α ≈ 0, with better data yielding sharper peaks, and a few sources with significantly positive spectral indices -consistent with compact H ii regions whose cutoff frequencies lie within our frequency range. We have also estimated the radio luminosity of the sources: The distribution of radio luminosities is strongly peaked around a presumed threshold luminosity, but includes some very luminous regions, such as J012408-730904, whose very high radio luminosity suggests that it is powered by a cluster of young high-mass stars.
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